Development of rational in vitro models for drug resistance in breast cancer and modulation of MDR by selected compounds.
[corrected] The effectiveness of chemotherapy is limited by the emergence of multidrug resistance (MDR). MDR is caused by the activity of various ATP binding cassette (ABC) transporters that pump anticancer drugs out of the cells in an ATP-dependent manner. Additionally some other cellular mechanisms of MDR have been reported. The purpose of this study was to investigate mechanisms of MDR in drug resistant MCF-7 cell lines and to modulate P-glycoprotein (P-gp) and MRP1-based MDR. Paclitaxel (MCF-7/Pac), docetaxel (MCF-7/Doc), doxorubicin (MCF-7/Dox) and vincristine (MCF-7/Vinc) resistant sublines were developed from the parent MCF-7 cell line (MCF-7/S) by stepwise selection in dose increments over two years. Flow cytometry, MTT cytotoxicity assay, RT-PCR, caspase-3 activity assay and checkerboard combination assay were performed to investigate the degree of resistance developed in sublines and to reverse drug resistance phenotype. The flow cytometry histograms of drug accumulation assays demonstrated that the drug-resistant cell lines are P-gp and MRPI positive. RT-PCR results showed that the resistant sublines express both MDR1 and MRP1 genes. Resistance indices of each subline to each anticancer drug were determined using the MTT cytotoxicity assay and it was found that all the sublines were resistant to their respective agents. Caspase-3 activities of the cell lines were also determined. Caspase-3 activity is an important indicator of apoptosis in the cell. The reversal of MDR was attempted by two cinnamylidene ketone and two organosilicon compounds. The results indicated that these compounds modulated P-gp effectively, but they were not very effective at reversing MRP1 activity in the MCF-7 sublines. Four selective anticancer drugs (paclitaxel, docetaxel, doxorubicin and vincristine) and four synthetic MDR modulators [2-(2-methoxycinnamylidene) indan-1-one (cinnamylidene-1), 2-(2- methoxycinnamylidene)-3, 4-dihydro-2H-naphthelen-1-one) (cinnamylidene-2), ALIS 409 and ALIS 421] were applied to the sublines in combination. The fractional inhibitory indices illustrated that combined applications of cinnamylidene ketones and organosilicon compounds with paclitaxel, docetaxel or vincristine exerted significant antiproliferative effects on the resistant sublines. This report demonstrates the development of rational models for drug resistance MCF-7 cell lines and reversal of acquired drug resistance.